suppressed (Table 1) . Diabetes mellitus was diagnosed on the basis of the 75-g oral glucose tolerance test, and thus we suspected PA and performed an evaluation of adrenal function. The hormonal study showed a low serum dehydroepiandrosterone-sulfate concentration and slightly elevated basal urinary 17-hydroxycorticoid in addition to the abnormalities of PAC and PRA ( Table 1 ). The diurnal variation in serum cortisol had disappeared (Fig 1a) . Overnight suppression of serum cortisol after oral administration of both 1 mg and 8 mg dexamethasone was not enough (Fig 1b) . There was no response of cortisol elevation after intravenous administration of 100 g human corticotropinreleasing hormone. In order to check the regulation of aldosterone release from the adrenal gland, and as the patient had normal cardiac function, we performed a 1,000 ml/h saline-loading test, which showed that the PAC was not completely suppressed (PAC change: pre 10.4 post 6.0 ng/dl). The saline-loading was performed under hemodynamic monitoring and we checked for signs of heart failure after the test in consideration of the patient's age. Furthermore, PRA did not elevate after intravenous administration of furosemide (1 mg/kg) while the patient was standing. Abdominal computed tomography demonstrated a low-density right adrenal mass, 1.5 cm in diameter (Fig 2) and adrenal scintigraphy with 131 I-6--iodomethylnorcholesterol showed significant uptake by the right adrenal. Bilateral adrenal venous sampling by catheterization demonstrated that both the cortisol and aldosterone concentrations (88.8 g/dl and 42.9 ng/dl, respectively) in the venous blood from the right side were markedly higher than those in blood from the left side (16.6 g/dl, 11.3 ng/dl, respectively). In contrast, levels of both cortisol and aldosterone in the right renal vein (7.0 g/dl and 4.6 ng/dl, respectively), left renal vein (6.8 g/dl, 5.0 ng/dl) and the inferior vena cava (6.8 g/dl, 5.5 ng/dl) were not high. Therefore, we diagnosed PA with pre-CS caused by a right adrenal tumor and recommended surgical therapy. The right adrenal gland was removed by laparoscopy. It contained an oval-shaped tumor (13 mm long) that was a benign cortical adenoma, consisting of mostly light clear cells and scattered dark compact cells resembling islands (Fig 3) . Localization of aldosterone and cortisol production using enzymatic antibodies against cytochrome P450 aldosterone synthase (P-450ald) and cytochrome P450 11 -hydroxylase (P-45011 ) found obvious upregulation of P450ald in the clear cells only (Fig 4a) , which were the predominant cell type, and upregulation of P-45011 , but not P-450ald, in the compact cells (Fig 4b) .
After the operation, the BP was lowered to approximately 130/75 mmHg by administration of amlodipine (5 mg/day) and both the hypokalemia and high PAC also normalized (K: 3.6 mmol/L; PAC: 8.7 ng/dl). The level of serum cortisol was within the normal range (20.5 g/dl), and symptoms of adrenal insufficiency were absent.
Discussion
There have been several reports of adrenal cortical adenoma secreting both aldosterone and cortisol, [3] [4] [5] [6] but not many of detailed pathological investigations. 7 To our knowledge the present case is the oldest patient with both PA and pre-CS.
The adrenal cortex has 3 functionally distinct zones: the outer zona glomerulosa, the intermediate zona fasciculata, and the inner zona reticularis. The principal steroids produced in these zones are, respectively, aldosterone, cortisol and the sex steroids. Cytochrome P450 aldosterone synthase (P-450ald), which is contained in the zona glomerulosa, converts corticosterone, via 18-hydroxycorticosterone, into aldosterone. Its production is controlled by the renin -angiotensin system. Cytochrome P45011 , which is contained in the zona glomerulosa and fasciculata, is responsible for the conversion of 11-deoxycorticosterone into corticosterone and 11-deoxycortisol into cortisol. The zona fasciculata lacks cytochrome P450ald, so synthesis of aldosterone does not occur in this zone.
Adrenal tumors are thought to originate from the transitional zone between the outer zona glomerulosa and intermediate zona fasciculata. It has been speculated that this transitional area has characteristics of both of the adjacent cortical zones and therefore the dominant cell type would determine the features of a tumor, including hormonal production, such as in the present case.
We used immunohistochemical examination to localize aldosterone and cortisol production in the adenoma. Our results indicated that the clear cells could produce aldosterone and the compact cells scattered among the clear cells could produce cortisol. Identification of the expression of the synthetic enzyme's gene by in situ hybridization or other method would be helpful in confirming the localization of aldosterone or cortisol production. The pre-CS may have results from just sufficient secretion of cortisol from the compact cells to induce apparent Cushing's syndrome. We expect that some cases of PA are accompanied by pre-CS, but most of these are not diagnosed because they do not undergo hormonal studies. It has been reported that some cases with pre-CS needed cortisol replacement therapy after adrenalectomy, 2 but such therapy was not necessary in the present case because of the low level of serum cortisol and lack of suppression in the non-tumor affected adrenal. Thus, the concurrence of pre-CS should be suspected in patients with PA.
